Community Health, University of Occupational and Environmental Health, Japan -This study prospectively examined the association between perceived noise exposure at work and cerebrovascular diseases among Japanese male workers. A baseline survey was conducted between 1988 and 1990, which involved 110,792 inhabitants (age range: 40-79 yr) from 45 areas throughout Japan. Subsequent causes of death were identified from death certificates. The analysis was restricted to 14,568 men free of a cerebrovascular diseases (age range: 40-59 yr) who were in work at the time of the baseline survey. All subjects completed a self-administered questionnaire at the baseline. This included a question regarding perceived noise exposure at work. The Cox proportional-hazards model was used to estimate the risks of perceived noise exposure for death due to cerebrovascular diseases. The model included age, smoking, alcohol consumption, educational level, perceived mental stress, past medical history, body mass index, hours of walking, hours of exercise, shift work, and job type. During the 190,777 person-years of follow-up, a total of 1,064 deaths were recorded, 98 from cerebrovascular diseases, 27 deaths from subarachnoid haemorrhage, 35 deaths from intracerebral haemorrhage, and 25 deaths from cerebral infarction. Noise exposure did not increase the risk of cerebrovascular diseases, subarachnoid haemorrhage, or cerebral infarction. However, perceived noise exposure increased the risk of intracerebral haemorrhage diseases (hazard ratio (HR) =2.38, 95%CI: 1.20, 4.71, p=0.013). Furthermore, individuals with hypertension were highly susceptible to the effect of perceived noise exposure on the risk of intracerebral hemorrhage, but this association was not observed among the subjects without hypertension. Although the underlying mechanisms are not clear, hypertensive individuals with perceived noise exposure at work should be regarded as a high-risk group for intracerebral hemorrhage. (J Occup Health 2007; 49: 382-388) 
Noise exposure is one of the major occupational hazards in many places, and has several health effects, including hearing loss and psychological effects such as sleep disturbances, annoyance, and mental stress. In addition, previous studies have suggested that noise exposure is associated with blood pressure changes and cardiovascular diseases [1] [2] [3] [4] [5] [6] . A recent meta-analysis showed that occupational noise exposure was significantly associated with hypertension and cardiovascular diseases 6) . Although the biological mechanism of this association is complex, noise-induced cardiovascular diseases and increased blood change are considered a consequence of stress 6) . Stress may lead to increased ambulatory blood pressure levels and pulse rates 7) , reduced insulin sensitivity 8) , increased platelet aggregation 9) , and endothelial dysfunction 10) , as a result of activating the sympathetic nerve system.
It is well known that both cardiovascular diseases and cerebrovascular diseases have similar risk profiles, including lifestyle factors and socioeconomic factors. Particularly, stress is considered an important risk factor for cerebrovascular diseases as well as coronary heart disease [11] [12] [13] [14] [15] [16] [17] . We therefore hypothesized that noise exposure may increase the risk of cerebrovascular diseases. However, the association between noise exposure and cerebrovascular diseases has not received much attention. To our knowledge, this is the first study to examine prospectively the association between noise exposure and cerebrovascular diseases.
Methods
The details of the Japan Collaborative Cohort (JACC) Study, which was sponsored by the Ministry of Education, Culture, Sports, Science, and Technology of Japan, have been described previously 12, 18, 19) . Briefly, this prospective cohort study involved a total of 110,792 subjects (46,465 male and 64,327 female) who were aged between 40 and 79 yr at the time of recruitment in 45 areas of Japan between 1988 and 1990. In 22 out of the 45 areas, all residents living in a given target area were regarded as study subjects. In 20 areas, those who had undertaken a basic health examination conducted under the Health and Medical Service Law for the Aged were invited to participate in the study. In two areas, the study subjects consisted of health examinees plus volunteers. In one area, subjects were defined based on the health check-up for atomic bomb survivors. The response rates were obtainable from 17 of 22 areas which included all living residents as the subjects: the average response rate was 83% 19) . The follow-up survey was conducted using population registries in local municipalities to determine the vital and residential status of the cohort in each area. All subjects who moved out of the study areas were treated as censored subjects. All deaths that occurred in the cohort were ascertained by death certificated from local public health centers in the study areas with permission from the Ministry of Public Management, Home Affairs, Post and Telecommunications, Japan. For deceased subjects, the causes of death were recorded from the death certificates held at the regional health centres and were classified according to the International Classification of Disease 10th Revision (ICD-10) as follows: cerebrovascular diseases (I60 to I69), subarachnoid haemorrhage (I60.0-I60.9), intracerebral haemorrhage (I61.0-I61.9), and cerebral infarction(I63.0-I63.9).
The present analysis included follow-up data that were collected until the end of 2003. This study was approved by the Ethics Committees of Nagoya University and the University of Tsukuba, Japan.
Baseline survey and data retrieval for analysis
In order to isolate the appropriate data for our analysis, the study group was initially restricted to male workers whose baseline ages ranged from 40 to 59 years (n=20,630) since the most common retiring age is 60 in Japan. Of these workers, 14,651 provided information on the perceived nose level in their workplace. We then further limited this group to individuals free (n=14,568) of cerebrovascular diseases (n=83). Of the 1,064 deaths that occurred during the 190,777 person-years of followup, 98 deaths were attributed to cerebrovascular diseases, 27 deaths were attributed to subarachnoid haemorrhage, 35 deaths were attributed to intracerebral haemorrhage, and 25 deaths were attributed to cerebral infarction.
All subjects completed a self-administered questionnaire at the baseline. This included the following question regarding perceived noise exposure at work which they have mostly experienced during their working life: "During your working life, until the present, do you feel extreme noise at the workplace?" The selfadministered questionnaire also inquired about other baseline characteristics that could potentially be related to mortality. These included the following: smoking status (never, former or current smoker); alcohol intake (non-habitual drinker, former habitual drinker or habitual drinkers of ethanol at 1 to 22, 23 to 44, and >44 g per day), past medical history (hypertension or diabetes); educational level (school attendance beyond 18th birthday, until the age of 16 to 17 yr or until the age of 15 yr or less); degree of perceived mental stress in daily life (frequent, occasional, rarely or never); hours of walking (<0.5, 0.5, 0.6 to 0.9, and 1.0≤ per day), hours of exercise (<1, 1 to 2, 3 to 4, and 5≤ per week), type of job (office worker, manual worker or other), and patterns of shift work (mainly daytime, fixed-night shift, or rotating-shift work).
Statistical analysis
The Cox proportional-hazards model was used to estimate the hazard ratios (HRs) of perceived noise exposure at work for each cause of death: cerebrovascular diseases, subarachnoid haemorrhage, intracerebral haemorrhage, and cerebral infarction 20) . The model included age divided into 5-yr groups and body mass index (BMI) divided into quartiles, and the potential confounding factors listed above. The assumptions of the proportional-hazards model were checked by including the interaction terms of the predictors and a function of survival time 21) . All calculations were performed using the SAS statistical software package 22) .
Results
Of the 14,568 men, 5,405 (37.1%) reported that they were exposed to noise at work (Table 1 ). Compared to those who did not perceive noise exposure at work, men who had perceived noise exposure at work reported a higher prevalence of myocardial infarction (0.9 vs 1.4%), a higher prevalence of current smoking (54.5 vs 58.7%), and higher perceived levels of frequent and occasional stress (26.6 vs 35.5%). In addition, those who had perceived noise exposure at work were more likely to have been engaged in shift work and manual work, and have left school earlier.
No significant difference in the risk of death due to cerebrovascular diseases, death due to subarachnoid haemorrhage, or death due to cerebral infarction was observed between those who perceived noise exposure at work and those who did not ( 
077).
Furthermore, multivariable HRs of perceived noise exposure at work for intracerebral haemorrhage were estimated for separate strata of hypertension (Table 3) . Compared with those who did not perceive noise exposure at work, the HRs of those who perceived noise exposure at work for intracerebral haemorrhage were as follows: 55.6 (95% CI=3.61, 857, p=0.004) among subjects with hypertension; 1.21 (95% CI=0.51, 2.86, p=0.673) among subjects without hypertension.
Discussion
The present study shows that perceived noise exposure at work increased the risk of death due to intracerebral hemorrhage, but did not increase the risk of death due to subarachnoid hemorrhage or cerebral infarction among Japanese male workers. When analyses were stratified by hypertension, the association of perceived noise exposure at work with the risk of intracerebral hemorrhage was only observed among the subjects with hypertension.
Noise exposure can cause several health effects, resulting from biochemical, physiological, and psychosocial changes 6) . Although there has been no evidence linking noise exposure with cerebrovascular diseases, some suggestions have been given in previous studies that have examined the association of noise exposure with coronary heart disease and hypertension [1] [2] [3] [4] [5] [6] . It is supposed that noise exerts its health effects via stress, since noise often raises stress in various ways 6) . Stress increases blood pressure levels and heart rates resulting from activation of the sympathetic nervous systems 7) . Hypertension and tachycardia increase the risk of cerebrovascular diseases and coronary heart disease 23) . This is backed by the stronger relation of perceived noise exposure at work with intracerebral hemorrhage, but not with cerebral infarction or subarachnoid hemorrhage, found in the present study, since hypertension is a stronger risk factor for intracerebral hemorrhage 24) . In the present study, subjects who perceived noise exposure at work actually reported higher perceived levels of frequent and occasional stress than those who did not. However, adjustment for perceived mental stress and history of hypertension did not substantially change the results, which suggests other mechanisms.
Notably, perceived noise exposure at work dramatically increased the risk of death due to intracerebral hemorrhage among the subjects with hypertension, although the relatively small number of cases gave a wide range for the 95% confidential interval. This may suggest that subjects with hypertension are highly susceptible to noise exposure perhaps due to instability of blood pressure when exposed to exogenous stimuli, including noise exposure. Various studies have suggested that subjects with hypertension have exaggerated blood pressure reactivity to stress compared with normotensives [25] [26] [27] [28] [29] . In addition, a study reported that the excess mortality from coronary heart disease and stroke associated with mental stress tended to be more evident among those with hypertension who may have more advanced atherosclerosis compared with those with normal blood pressure 12) . It has also been suggested that mental stress may trigger the clinical events of coronary heart disease and cerebrovascular diseases when atherosclerosis is advanced 11, 12, 30) . Another plausible explanation for the association of perceived noise exposure at work with the risk of death due to intracerebral hemorrhage is the fact that occupational noise exposure is one of the proxies of socioeconomic status, which has been recognized as main determinant of individuals' health 31, 32) . However, the multivariable model still showed a significant relationship of noise with intracerebral hemorrhage even after adjustment for educational level, type of job, and shift work, which are often considered as major proxies of socioeconomic status as well. Therefore, the association of perceived noise at work with intracerebral hemorrhage cannot be solely explained by socioeconomic status in relation to noise exposure at work. Some limitations should be mentioned. First, we used perceived measurement of noise exposure at work rather than sound level measurement or personal dosimeter. In terms of mental stress, however, we assume that perceived noise exposure is more useful than sound level measurement or personal dosimeter, since appraisal of noise exposure is mediated by personal characteristics such as attitude and coping style 33) . However, discussion of a dose-response relationship of perceived noise exposure with the risk of cerebrovascular diseases is ineligible in the present study. The second limitation is the residual confounding of the association between perceived noise exposure at work and risk of cerebrovascular diseases. Although we adjusted for the selected factors that potentially relating to mortality, the possible influence of other risk factors, lifestyles, and psychosocial factors might still remain. Third, we used the mortality data as end points rather than incidence data, which may lead to misclassification in the diagnosis of stroke subtypes. However, the widespread use of computer tomography in local hospitals since the 1980s has probably made the diagnosis of stroke subtypes reported on death certificates sufficiently accurate 34, 35) . In addition, given mental stress showed stronger relationships with fatal stroke than non-fatal stroke 11, 13, 15) , the use of mortality data may be legitimate to support our hypothesis. Finally, this study did not examine the noise effect relating to specific type of job or noise, such as traffic, mechanical, or construction noise, although this study did examine a broad range of workers retrieved from the cohorts regarded as representing the chosen areas.
The present study provides epidemiologic evidence that perceived noise exposure at work potentially increases the risk of death due to intracerebral hemorrhage among subjects with hypertension, but not among subjects without hypertension, which may draw attention for occupational health policy. Although the underlying mechanisms are uncertain, hypertensive individuals with perceived noise exposure at work should be regarded as a high-risk group for intracerebral hemorrhage.
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